Reading is the process of extracting and constructing meaning from written text for some purpose ([@bibr84-2041669517718557]). It consists of the decoding of written signs that correspond to the phonetic unit of the language, identification of words, and reconstruction of the meaning of words and groups of words that compose a phrase. Reading skill comprises three dimensions: "comprehension," which is the ability to understand words and text; "accuracy," which is the ability to read text accurately, and "speed," which is the ability to decode the written signs quickly.

Learning to read requires general cognitive functions, such as memory and attention ([@bibr2-2041669517718557]; [@bibr68-2041669517718557]), and several specific abilities, such as linguistic and phonological skills ([@bibr3-2041669517718557]; [@bibr82-2041669517718557]; [@bibr85-2041669517718557]). Several studies focused on the role of phonological skills and other underlying skills on reading acquisition and performance (e.g., [@bibr4-2041669517718557]; [@bibr12-2041669517718557]; [@bibr45-2041669517718557]; [@bibr72-2041669517718557], [@bibr73-2041669517718557]). Indeed only a few researchers investigated the relationship between reading and attention in typically developing (e.g., [@bibr6-2041669517718557]; [@bibr19-2041669517718557]) and dyslexic children (e.g., [@bibr29-2041669517718557]; [@bibr65-2041669517718557]), although attention skills are damaged in several conditions, such as learning difficulties ([@bibr18-2041669517718557]) or specific language impairment ([@bibr33-2041669517718557]).

Attention Skills in Childhood {#sec2-2041669517718557}
=============================

Attention is a complex function which participates in achieving and maintaining a state of alertness, orienting toward and selecting sensory events, and regulating thoughts and responses in an effortful goal-directed mode ([@bibr53-2041669517718557]; [@bibr59-2041669517718557]; Rueda, Posner, & Rothbart, 2005). Aside from the general cognitive functions, which are involved in reading, attention plays a pivotal role ([@bibr40-2041669517718557]; [@bibr67-2041669517718557]).

Attention depends on three independent, but strictly related, networks: the "orienting," "alerting," and "executive" networks ([@bibr53-2041669517718557]). The "alerting network" is involved in the ability to prepare and sustain alertness to process high priority signals ([@bibr52-2041669517718557]). It is related to sustained vigilance ([@bibr54-2041669517718557]) and contributes to increasing readiness to respond to impending stimuli ([@bibr86-2041669517718557]). The "orienting network" is involved in the ability to prioritize sensory input by selecting a modality or location. It is responsible for the movement of attention through space to attend to sensory events ([@bibr58-2041669517718557]) and is entailed in target detection, selection of information, and engagement and disengagement of attention during attentional shifting ([@bibr54-2041669517718557]). The "executive network" ([@bibr54-2041669517718557]) plays a role in resolving a conflict among responses. It comprises several processes implicated in the planning and execution of goal-directed behaviors, such as anticipating consequences, selecting among competing stimuli, monitoring interruptions, or modifying behavior ([@bibr44-2041669517718557]). Individuals differ in the development, efficiency, and variability of functioning within and across each of these networks ([@bibr44-2041669517718557]). Key aspects of attention, such as focused attention, selective attention, divided attention, and alternating attention, depend on the functioning of these three networks ([@bibr55-2041669517718557]). In particular, "focused attention" depends on the alerting network, "selective attention" involves the executive network, "alternating attention" depends on the "orienting network" ([@bibr59-2041669517718557]), and "distributed attention," also called "divided attention," requires the functioning of each of these networks.

"Focused attention" concerns the ability to respond discretely to specific stimuli. It plays a pivotal role in many cognitive functions, such as problem-solving and reasoning ([@bibr75-2041669517718557]). "Focused attention" is measured through recognition tasks. The recognition tasks are often modeled on the well-known "Continuous Performance" test. The ability to maintain a state of preparedness for imminent processing of information, which characterizes "focused attention," develops during the life span until young adulthood ([@bibr63-2041669517718557]). Children are less efficient than adults in response to alerting cues and present longer reaction times in the speed of preparing to alerting cues and sustaining this preparation ([@bibr59-2041669517718557]). "Selective attention" is the ability to avoid distracting stimuli ([@bibr41-2041669517718557]; [@bibr75-2041669517718557]). It concerns the capacity to inhibit interference of distracting stimuli and suppress inappropriate responses. "Selective attention" is studied by tasks that involve conflict between different dimensions of a target stimulus, as in the Stroop task ([@bibr57-2041669517718557]; [@bibr77-2041669517718557]). These tasks commonly measure the ability to resist interference by distracting stimuli. The Stroop test is one of the most used measures of selective attention and executive functions ([@bibr13-2041669517718557]).

Some studies (e.g., [@bibr62-2041669517718557]; [@bibr64-2041669517718557]) found that "selective attention" increases during early childhood, from toddlerhood into the second decade of life. The ability to carry out conflict tasks increases significantly from 2 to 7 years old ([@bibr17-2041669517718557]; [@bibr31-2041669517718557]; [@bibr63-2041669517718557]). However, the results of studies on changes in selective attention during the life span are not homogeneous. Some authors suggest that children from 10 years of age did not present significant differences in the execution of tasks that require resistance to the interference of competing demands, compared with adults ([@bibr61-2041669517718557]; [@bibr63-2041669517718557]). Other studies (e.g., [@bibr10-2041669517718557]) showed that adults performed better than children both in the resistance to distracting stimuli and the ability to inhibit responses or behavior.

"Alternating attention" is the rapid shifting of the attentional focus, given the inability to process all available information in parallel ([@bibr50-2041669517718557]). It concerns the ability to alternatively shift focus and tasks ([@bibr41-2041669517718557]), and the ability to disengage and reengage the focus of attention in response to environmental stimuli.

Alternating attention is usually measured through multiple-choice tasks such as adjustments of the cancellation test (e.g., [@bibr11-2041669517718557]; [@bibr25-2041669517718557]), or multiple-object tracking tests (e.g., [@bibr69-2041669517718557]). These tests require shifting attention from one focus to another rapidly. In particular, cancellation tests have a long history in neuropsychological assessment ([@bibr47-2041669517718557]). This type of test can vary widely in complexity. It is administered as a paper-and-pencil or computerized task and is used to evaluate a person\'s ability to visually search for an identifiable target and to either cancel or circle all such target items in an array.

The ability to shift attention is present from infancy ([@bibr15-2041669517718557]; [@bibr56-2041669517718557]) and develops with age ([@bibr1-2041669517718557]; [@bibr7-2041669517718557]; [@bibr27-2041669517718557]; [@bibr80-2041669517718557]). Some studies on the reorientation of attention, in which cues are presented opposite to the location of the subsequent target, have found that the time to disengage from the location of the cue decreased with increasing age ([@bibr1-2041669517718557]). Moreover, the studies that computed the orienting effect by comparing reaction times to valid and invalid cued target found a change of orienting skills until about late childhood ([@bibr78-2041669517718557]; Waszak, Li, & Hommel, 2010)."Distributed attention," is the ability to maintain two or more attentional focuses simultaneously and concerns the allocation of resources between different sets of input ([@bibr34-2041669517718557]; [@bibr50-2041669517718557]). Attention can be divided between locations in space, between features of a single or of several objects, and between stimuli in one or several sensory modalities ([@bibr8-2041669517718557]). This skill is usually measured through tests that require the execution of dual tasks. There is considerable variation in the types of tasks used in the studies on distributed attention. [@bibr66-2041669517718557] have reported that the tasks ranged from two perceptual discriminations to sentence recall and picture recognition, and others. Often the tasks combined two stimuli of a different type in the same test, with the aim to evaluate the subject's ability to vary the attentional focus and, therefore, to distribute attention to the management of many different stimuli ([@bibr11-2041669517718557]).

Some authors (e.g., Dye & Bavelier, 2010; [@bibr80-2041669517718557]) found that the ability to distribute attention increases with age. In particular, Dye and Bavelier (2010) found that the ability to distribute visual attention across the field to search for a target improves across the school-age years. Moreover, children who were able to play video games presented better ability to distribute attention. These authors found that when basic attentional skills were involved, children who were exposed to action-based games showed better performance, above and beyond that expected by maturational processes. However, it is not clear whether the effect of video games on the development of the various aspects of visual attention is causal or whether children who possessed better-than-average visual attention skills might be drawn toward playing action-based video games; thus, placing themselves within an environment that leads to further improving those visual skills.

Why Attention Influences Reading Acquisition {#sec3-2041669517718557}
============================================

[@bibr40-2041669517718557] hypothesized a close relationship between attention and reading skills. They thought that reading difficulties are related to lack of automaticity in decoding, which overloads the attentional system ([@bibr67-2041669517718557]). From this model, several researchers studied attention engagement during reading (e.g., [@bibr6-2041669517718557]; [@bibr19-2041669517718557]; [@bibr65-2041669517718557]).

The research found that "focused attention" and "selective attention" influence accuracy in word identification and letter-sound decoding ([@bibr46-2041669517718557]). Moreover, "selective attention" and "alternating attention" are involved in the preparation of saccadic eyes movements ([@bibr36-2041669517718557]; [@bibr38-2041669517718557], [@bibr39-2041669517718557]). In this regard, [@bibr36-2041669517718557] suggested that the readers use spatial attention in the programming and execution of saccadic eye movements. In their studies, these authors found that visual-spatial attention is an important mechanism in generating voluntary saccadic eye movements.

"Alternating attention" is also implicated in reading performance. Some studies (e.g., [@bibr30-2041669517718557]; [@bibr32-2041669517718557]) found that phonetic discrimination and speech signal segmentation during reading involved the rapid shifting of attention. An accurate and rapid attentional shifting contributes to the segmentation of a word into its graphemes. Others researchers (e.g., [@bibr60-2041669517718557]; [@bibr74-2041669517718557]) suggested that attention is critical for translating print into speech and that attention is crucial for fluent reading.

The studies on learning difficulties confirmed the role of attention in reading performance and showed that children with learning disabilities often present deficits in attention ([@bibr9-2041669517718557]; [@bibr79-2041669517718557]).

A visual attention span deficit is a well-documented factor that contributes to developmental dyslexia, independently of a phonological disorder ([@bibr5-2041669517718557]). Visual attention span, which reflects the number of orthographic units that can be processed in a glance ([@bibr82-2041669517718557]), influences word reading speed and accuracy ([@bibr6-2041669517718557]; [@bibr81-2041669517718557]; [@bibr83-2041669517718557]). In particular, children with dyslexia have deficiencies in the simultaneous processing of string elements. They have limitations in the number of string elements they were able to process simultaneously ([@bibr35-2041669517718557]; [@bibr49-2041669517718557], 2005; [@bibr49-2041669517718557]; [@bibr51-2041669517718557]; [@bibr81-2041669517718557]). Moreover, preschoolers at risk of developing learning difficulties present higher response times in tasks measuring auditory selective attention, and a lower rate of accuracy on visual-spatial selectivity tasks, compared with their peers without learning difficulty risk ([@bibr16-2041669517718557]). In this regard, [@bibr29-2041669517718557], in a longitudinal study, found that visual-spatial attention in preschoolers specifically predicts future reading ability. They found that poor readers in Grade 1, already presented a deficit in serial visual search as well as spatial cueing facilitation when they were prereaders. These results agree with those obtained in a study by [@bibr28-2041669517718557]. These authors found that visual scanning abilities in kindergarten were good predictors of reading acquisition. Difficulties in reading comprehension were also frequently found in children and adolescents with Attention-Deficit or Hyperactivity Disorder ([@bibr76-2041669517718557]).

Although there is abundant evidence that attention plays a pivotal role in reading at each age and each level of competency (e.g., [@bibr19-2041669517718557]; [@bibr84-2041669517718557]), its engagement during reading activities depends on a child's level of reading skill. According to the classical "Information Processing Theory" ([@bibr40-2041669517718557]), novice readers use all of their attention in decoding letters and words, and, for this reason, they encounter difficulties in comprehending what they have decoded. The scanning of text and identification of a word requires high attentional engagement in novice readers, whereas these activities become automatic in expert readers.

Engagement of attention during reading also depends on the opacity-transparency of the alphabetic writing systems of the language that a child speaks. Transparent orthographies are characterized by one to one grapheme--phoneme correspondence. Opaque orthographies do not have this correspondence. In the opaque orthographies, more than one grapheme corresponds to the same phoneme and, conversely, each grapheme represents several phonemes.

Research showed that children who spoke languages with opaque orthographies, such as English, acquired reading more slowly compared with their peers speaking transparent languages, such as Italian ([@bibr24-2041669517718557]; [@bibr71-2041669517718557]). In this regard, [@bibr42-2041669517718557] suggested that learning to read requires a higher engagement of attention in opaque orthographies than transparent orthographies. This high involvement of attention could explain the comorbidity between reading disability and attentional disorders in populations whose language has opaque orthography, even if there are no data supporting this hypothesis.

Research Aims {#sec4-2041669517718557}
=============

The overall goal of this study was to investigate the relationships among attention and reading skills in novice readers. Although research has broadly investigated the role of attention on reading skills, the relative contribution of different aspects of attention to reading performance was not evaluated extensively. The majority of the previous studies have analyzed the role of single aspects of attention, such as selectivity, on the single dimensions that comprise reading skills, such as comprehension (e.g., [@bibr76-2041669517718557]) or accuracy in the decoding of letters of words (e.g., [@bibr6-2041669517718557]). Furthermore, the majority of these studies were conducted on children speaking opaque languages ([@bibr6-2041669517718557]; [@bibr76-2041669517718557]; [@bibr85-2041669517718557]).

This work aimed at overcoming some of these limitations. It seeks to provide a better understanding of the contribution of the most important aspects of attention on the three dimensions in which reading skills are articulated (comprehension, accuracy, and speed) in a sample of novice readers, who spoke a language with transparent orthography. "Focused attention," "selective attention," "distributed attention," and "alternating attention" have been evaluated.

Method {#sec5-2041669517718557}
======

Participants {#sec6-2041669517718557}
------------

Participants were 288 Italian children (144 boys and 144 girls, mean age: 6.2, standard deviation: .59), who attended the first grade of primary school. In Italy, children begin primary school from 5.5 to 6 years old and learn to read in the first grade. Participants attended three public schools located in a large town of Italy. The academic curricula were the same for each school. All children were native Italian speakers with normal or corrected-to-normal vision. Children were tested in March. In Italy, the school-year begins at mid-September and ends at mid-June.

The sample was recruited from the 366 children who attended first grade in the schools involved in the study. All the children in first grade were tested for reading skills, with the exceptions of the children with physical or psychological certified disabilities and children who were native speakers of other languages. According to some of the criteria derived by the quoted Italian standardization ([@bibr20-2041669517718557]; [@bibr21-2041669517718557]), which permits the identification of children whose level of reading is inadequate for their age and academic grade, children were classified as good or poor readers.

The participants who presented reading comprehension and accuracy scores less than those corresponding to the 15th percentile were classified as poor readers. In particular, poor readers were the children who presented a reading performance that indicated a needed surveillance, because this was not sufficient, even if these children were not in an apparent condition of risk for reading difficulty, and children who showed reading performance inadequate for their scholastic grade and required immediate intervention).^[1](#fn1-2041669517718557){ref-type="fn"}^ Children who presented comprehension and accuracy scores more than those corresponding to the 51 percentiles were classified as good readers (children who presented sufficient or optimal reading comprehension). Reading accuracy was measured through "error rate" scores, and high scores indicated low performance (see Measures section for details). Considering that children who participated in the study were very novice readers, the "speed" scores were not used to select the poor readers, because the slowness of reading is common in this stage of acquisition of reading skills.

Three hundred sixty-six children were tested for reading skills. Of these, 144 children classified as "poor readers" and an equal number of "good readers" were involved in the study. The 144 "good readers" were selected according to the following procedure: (a) the "poor" and "good" readers for each class group were matched for age and gender. Children were chronologically matched within 2 months; (b) for each class group, all of the "poor readers" and the same number of matched "good readers" were recruited. When the "good readers" in a class group were more numerous than the matched poor readers, the good readers were randomly selected. The remaining students were excluded from the successive measures.

Measures {#sec7-2041669517718557}
--------

The study was conducted using standardized instruments to measure attention reading skills. The Cornoldi, Colpo, and Gruppo MT battery ([@bibr21-2041669517718557]; [@bibr20-2041669517718557]), which comprised a "comprehension" and a "speed and accuracy" test, measured reading skills. This battery is largely standardized on the Italian population, and it is used during the diagnostic process of learning disability. The "comprehension" test (Cronbach's alpha= .77) required that children read a text and responded to 15 questions that examined their comprehension level. The questions were in a multiple-choice format and used different words from those in the text that children read. The score was the number of correct answers, and a high score indicated good performance. Scores less than 8 (5th percentile) indicated a clear status of reading difficulty for the scholastic grade, and scores less than 9 (15th percentile) indicated a reading performance not sufficient and the need to pay attention for risk of reading difficulties. Scores more than 13 indicated an optimal reading performance for the academic grade (75th percentile), while scores from 10 to 13 indicated a sufficient performance. Children were invited to bring pencil and eraser on the desk. The children were told that they would be distributed a little book containing a story and some questions with the aim to see if they were able to understand what they read. The examiner explained to the children that, for each question, they had to choose the correct answer from four alternatives. To minimize the weight of the children\'s memory, they could reread the text as often as desired.

The "accuracy and speed" test consisted of a written paragraph, printed on a card. The child is required to read the paragraph as fast as possible, avoiding mistakes. The test has no time limits, but the time employed by the subject is recorded. Reading accuracy was measured through "error rate" scores, which were the sum of the errors made during the reading of the text (e.g., omissions, letter substitutions, and pauses for more than 5 s). "Speed" scores were calculated by considering the number of syllables that a child read in 1 s ([@bibr22-2041669517718557]). In particular, the "speed" scores were calculated using a transformation in seconds/syllable. A low score indicated good performance. "Error rate" scores from 4 to 5 (15th percentile) indicated a condition of risk for reading difficulty, scores more than 5 (5th percentile) indicated a clear condition of reading difficulties. "Speed" scores from .04 to .4 indicated a condition of risk for reading difficulties, while "speed" scores \< .04 indicated a clear condition of reading difficulty ([@bibr20-2041669517718557]; [@bibr22-2041669517718557]).

The reading battery has good psychometrics properties. Its reliability ranges from .75 to .89 for "accuracy" scores and from .94 to .96 for "speed" scores.

Several computerized tasks measured attention skills. For each task, the number of correct responses and the median response times in seconds was calculated. Three recognition tasks measured auditory, visual, and visual-spatial "focused attention"; a computerized version of the classic Stroop test measured "selective attention;" simultaneous visual and auditory detection tasks measured "distributed attention"; a multiple barrage task assessed "alternating attention."

The "focused attention" tasks involve target recognition and were modeled on the "Continuous Performance" test, which has both visual and auditory versions, such as the Auditory Continuous Performance Test developed by [@bibr37-2041669517718557]. In particular, the "auditory focused attention" task (reliability values: 91; concurrent validity: *r* = .90) required the recognition of an auditory target among vocal distractors. Participants had to press a particular computer key following a vocal stimulus, using their favorite hand. Children were sitting in front of the monitor of a personal computer. To avoid excessive head motion, the screen were placed not much higher than the keyboard (not over the central unit of the computer, as usually happens, but right in front of the keyboard). This position was maintained for all the tasks. The stimuli were letters (vowels and consonants). There were 30 items, 9 of which were targets. The target was the letter "o." The "visual focused attention" task (reliability values: 90; concurrent validity: *r* = .90) required the recognition of a visual target among a group of distractors (images of common objects) appearing in the sequence. Participants had to press a key when a visual target appeared on the screen of the computer. There were 30 items, 9 of which were targets. The target was a star.

The "visual-spatial focused attention" task (reliability values: 89; concurrent validity: *r* = .90) was a computerized version of the symbols barrage test. Participants had to delete one target in a set of 36 stimuli, which appeared in the display. The screen showed a set of 36 symbols, which were sequentially circled from left to right. The target symbols were 12. Subjects had to press a computer key when the target was circled. The "selective attention" task (reliability values: 90; concurrent validity: *r* = .92) was a computerized version of the Stroop test. It comprised two tasks. The first task was the baseline. Participants had to press a computer key of the same color as the character used to print a word that appeared on the screen. The second task was the interference task. It required subjects to name the color of the ink used to print a word describing a different color, for example, "Red," written using blue ink. After 3 s of each response of the participant, a new input appeared on the screen. The final computerized score, which measures the ability to resist distraction, is automatically obtained by taking the difference of the response times on the first and second tasks.

The "distributed attention" task (reliability values: 91; concurrent validity: *r* = .92) was a simultaneous dual task. This task required the subject to recognize a visual target and an auditory target simultaneously. It involved the ability to distribute attention on two parallel tasks. Children had to press a particular computer key following a visual target and simultaneously press another key following a particular auditory target. The visual target was a star; visual stimuli used as distractors were common objects. The auditory target was the word "sun"; auditory distractors were common words.

The "alternating attention" task was a multiple barrage task. It was a computerized adjustment of a nonverbal cancellation test. The task required rapidly shifting of attention and continual change of attentional orientation. It comprised two subtasks (verbal and visual-spatial). Both the verbal and visual-spatial tasks required search and cancellation of targets. The targets were presented in eight sets of 90 stimuli. For each set of stimuli, there were three targets. The sequence of the group of targets changed in each set. The participants had to change their attentional focus with the aim of identifying all of the targets. In the first subtask (verbal task), the stimuli were letters, in the second subtask (visual-spatial task), the stimuli were small squares with a variously oriented code, as in the Toulouse-Pieron test. This task required continual shifting of attentional focus. The test--retest reliability for this task was .82 for the verbal subtask and .80 for the visual-spatial subtask. The internal consistency was *.*89 and .87 for these subtasks, respectively; concurrent validity was .86 and .87 for the corresponding subtasks.

Procedures {#sec8-2041669517718557}
----------

A trained psychologist administered the tests in the schools, during school time. The reading "comprehension" test was administered during collective sessions in each classroom. The other tests were administered in individual sessions. The setting was a familiar room in the school, away from distracting noises. A training session preceded the administration of the attention tests. Institutional review approval and parental consent for each child were obtained.

Results {#sec9-2041669517718557}
=======

Several statistical analyses were conducted. Correlation analyses between the attention and reading scores and multiple regression analyses, using the attention scores as the independent variables and each reading score as the dependent variable, were calculated for the entire sample. Moreover, with the aim to better investigate the contribution of the main components of attention on reading skills, differences in attention skills by poor and good readers were measured.

Correlation Analysis {#sec10-2041669517718557}
--------------------

A correlation matrix was performed. [Table 1](#table1-2041669517718557){ref-type="table"} shows the Pearson Correlation Coefficients corrected for multiple comparisons. The Pearson Correlation matrix showed that the reading scores were correlated with several attention scores. The finding suggests a relationship between attention skills and learning to read. Interestingly, different aspects of attention were differently correlated to the three dimensions of reading (see [Table 1](#table1-2041669517718557){ref-type="table"}). In particular, reading comprehension was correlated to the response times of the "focused attention" tasks (auditory focused attention: *r* = −.11, *p* \< .001; visual focused attention: *r* = −. 21, *p* \< .001; visual-spatial focused attention *r* = −.13, *p* \< .005), "distributed attention" (*r* = −.17, *p* \< .001), and "alternating attention" tasks (alternating attention---verbal: *r* = −.14, *p* \< .005; alternating attention---spatial: *r* = −.20, *p* \< .001). Of interest, the correlations were negative. Presumably, children who were less impulsive in their responses presented a better analysis of the text and a better comprehension. The ability to resist interfering stimuli, which was measured through the "selective attention" task, and spatial "focused attention" were found to be correlated to reading accuracy, while the response times during the execution of selective attention and alternating attention tasks were correlated to reading speed. Table 1.Correlation Matrix for All the Measures.1234567891011121314151617181.2.−.11[\*](#table-fn2-2041669517718557){ref-type="table-fn"}3.−.27\*\*.49\*\*4.−.38\*\*.39\*\*.67\*\*5..11−.36\*\*−.09−.026.−.11[\*](#table-fn2-2041669517718557){ref-type="table-fn"}−.01−.02−.02−.34\*\*7..05−.06−.06−.04.06−.32\*\*8.−.21\*\*−.04.00−.07−.08.44\*\*−.29\*\*9..18\*\*−.09−.21\*\*−.14[\*](#table-fn2-2041669517718557){ref-type="table-fn"}.29\*\*−.31\*\*.14[\*](#table-fn2-2041669517718557){ref-type="table-fn"}−.18\*\*10.−.13[\*](#table-fn2-2041669517718557){ref-type="table-fn"}. 12[\*](#table-fn2-2041669517718557){ref-type="table-fn"}.08.03−.26\*\*.43\*\*−.17\*\*.42\*\*−.57\*\*11.−.09−.12[\*](#table-fn2-2041669517718557){ref-type="table-fn"}−.10.03.09−.16\*\*21\*\*.007.15\*\*−.15[\*](#table-fn2-2041669517718557){ref-type="table-fn"}12.−.17\*\*.05.02−.03−.17\*\*.49\*\*−.28\*\*.36\*\*−.31\*\*.37\*\*−.22\*\*13.−.01.02.04.04.30\*\*−.20\*\*.21\*\*−.03.17\*\*−.15[\*](#table-fn2-2041669517718557){ref-type="table-fn"}.20\*\*−.1014.−.14[\*](#table-fn2-2041669517718557){ref-type="table-fn"}.10. 21\*\*. 13[\*](#table-fn2-2041669517718557){ref-type="table-fn"}. 02−.02.03.15[\*](#table-fn2-2041669517718557){ref-type="table-fn"}−.07.12[\*](#table-fn2-2041669517718557){ref-type="table-fn"}.04−.02.34\*\*15..06−.07−.06−.06.20\*\*−.16\*\*.17\*\*−.18\*\*.15\*\*−.22\*\*20\*\*−.18\*\*.36\*\*.15\*\*16.−.20\*\*.006.21\*\*.28\*\*.08.03−.03−.02−.11[\*](#table-fn2-2041669517718557){ref-type="table-fn"}.01.16\*\*.09.29\*\*.48\*\*.27\*\*17..20\*\*−.21\*\*−.10−.14[\*](#table-fn2-2041669517718557){ref-type="table-fn"}.04.05−.05−.02−.03.05.02.02.08−.02.14[\*](#table-fn2-2041669517718557){ref-type="table-fn"}.0118.−.04.08.18\*\*.15\*\*−.09.06−.02.02−.17\*\*.09.01.09.01.03.05.03−.02[^1][^2]

Regression Analyses {#sec11-2041669517718557}
-------------------

Several multiple regression analyses, using "entry forced" method, were calculated. These analyses were conducted with the aim to investigate whether the different aspects of attention (auditory, visual, and visual-spatial "focused attention," "selective attention," "distributed attention," and "alternating attention") were predictive of the dimensions of reading skill. "Reading comprehension," "reading accuracy," and "reading speed" scores were regressed on all the attention scores with control for "gender" also included in the regression (see [Table 2](#table2-2041669517718557){ref-type="table"}). Table 2.Multiple Regression Analyses Using the Attentional Scores and Gender as the Independents Variables and Reading "Comprehension", "Accuracy," and "Speed" as the Dependent Variable.Reading scoresComprehension *F*=3.16\*\*; *R* Square: .15Accuracy *F*= 3.86; *R* square: .18Speed *F*=4.06\*\* *R* square: .14VariablesStandardized coefficient B*t*Standardized coefficient B*t*Standardized coefficient B*t* Gender−.04−.64.01.15−.12−1.95Auditory focused attention Correct−.00−.08−.23−3.68\*\*.02.38 RTs.02.27−.09−1.26−.01−.17Visual focused attention Correct.071.13−.07−1.22−.06−1.02 RTs−.14−1.92−.15−2.21[\*](#table-fn4-2041669517718557){ref-type="table-fn"}−−.10−1.46Visual-spatial focused attention Correct.121.70.081.122−.08−1.21 RTs.04.49.162.07[\*](#table-fn4-2041669517718557){ref-type="table-fn"}.04.52Distributed attention Correct−.09−1.49−.12−2.06[\*](#table-fn4-2041669517718557){ref-type="table-fn"}.03.60 RTs−.08−1.24.03.46−.08−1.20Selective attention Correct.193.28\*\*−.20−3.57\*\*−.12−2.22 RTs.01.17.04.84.132.44[\*](#table-fn4-2041669517718557){ref-type="table-fn"}Alternating attention (verbal) Correct−.01−.19.182.75[\*](#table-fn4-2041669517718557){ref-type="table-fn"}.03.58 RTs−.01−.27.071.03−.002−.03Alternating attention (visual-spatial) Correct.04.70−.01−.28−.18−2.88[\*](#table-fn4-2041669517718557){ref-type="table-fn"} RTs−.16−2.3\*\*−.02−.39.324.72\*\*[^3][^4]

Attention skills were found to be useful predictors for all the dimensions of reading skill: "reading comprehension": *F*(14) = 3.82, *p* \< .001; reading accuracy": *F*(14) = 4.63, *p* \< .001; "reading speed" *F*(14) = 4.08, *p \< *.001.

For "reading comprehension," the *B* and *t* values showed the significant contribution to the model of the following predictors: "selective attention" (time) and visual-spatial "alternating attention" (response time). The "selective attention" scores were the better predictor for the "reading comprehension" scores; "selective attention"---times scores: *t*(272) = 3.28, *p \< *.001; visual-spatial "alternating attention"---response time scores: *t*(272) = −3.22, *p* \< .001.

With regard to reading accuracy, which was measured through "error rate" scores, the *B* and *t* values showed the significant contribution to the model of the following predictors: "auditory focused attention" error rate scores, *t*(272) = −3.68, *p* \< .001; "selective attention" error rate scores, *t*(272) = −3.57 *p* \< .001; "verbal alternating attention" error rate scores, *t*(272) = 2.75, *p* = .006; "distributed attention" error rate scores, *t*(272) = −2.07, *p* = .04; "visual focused attention" response time scores, *t*(272)* = *−2.21*, p* = .03; and "spatial focused attention" response time scores, *t*(272) = 2.07, *p* = . 03. With regard to the "reading speed," the *B* and *t* values showed the significant contribution to the model of the following predictors: "selective attention," error rate and response time scores: *t*(272) = −2.83, *p* = .02; *t*(272) = 2.43, *p* = .01, respectively; and "visual-spatial alternating attention," *t*(272) = 4.72*, p* \< .001.

Descriptive and *t* Test Analysis of the Attention Scores by Good and Poor Readers {#sec12-2041669517718557}
----------------------------------------------------------------------------------

*T* test analyses for good and poor readers were calculated. Results showed that the "good readers" presented better performance in the "auditory focused attention," *t*(286) = 2.18, *p* = .03, "visual-spatial focused attention," *t*(286) = 4.90, *p* \< .001, and "selective attention," *t*(286) = −3.77, *p* \< .001, tasks. Interestingly, the good readers were faster in their responses to all attentional tasks than the poor readers (see [Table 3](#table3-2041669517718557){ref-type="table"}). Table 3.Means, Standard Deviations, and *t* Test for All Measures by Good and Poor Readers.Attention task*dfMSDtp*Auditory focused attention286 Correct  Good readers8.76.702.18.030  Poor readers8.501.26 RTs  Good readers.732.17−2.34.020  Poor readers.78.17Visual focused attention286 Correct  Good readers8.641.55.73.46  Poor readers8.531.95 RTs  Good readers.60.09−3.02.003  Poor readers.64.16Visual-spatial attention286 Correct  Good readers11.49.864.90\<.001  Poor readers10.761.53 RTs  Good readers.44.10−3.16.002  Poor readers.49.13Selective attention286 Correct  Good readers27.014.563.77\<.001  Poor readers24.616.12 RTs  Good readers1.32.24−3.24.001  Poor readers1.631.12Alternating attention286 Correct(verbal)  Good readers7.362.20.59.556  Poor readers7.221.99 RTs (verbal)  Good readers56.6321.85−2.12.034  Poor readers63.6232.86 Correct (visual-spatial)  Good readers7.061.771.66.097  Poor readers6.672.10 RTs (visual-spatial)  Good readers68.0325.11−3.85\<.001  Poor readers80.7930.79Distributed attention286 Correct  Good readers7.101.86−.15.875  Poor readers7.131.87  Good readers.85.14−2.82.005  Poor readers.91.22[^5]

Discussion {#sec13-2041669517718557}
==========

The present study highlighted several interesting points concerning the relationships that occur among attention and reading skills in novice readers who spoke a transparent language. In particular, it contributed to clarifying the role of the main aspects of attention ("focused attention," "selective attention," "distributed attention," and "alternating attention") on the three dimensions (comprehension, accuracy, and speed) of reading skill.

Results showed that different aspects of attention influenced each dimension of reading skill. Moreover, reading ability was related to the correctness and rapidity of the attentional responses. Interestingly, not only the child's ability to correctly focus visual stimuli but also the speed at which visual stimuli were focused influenced reading in novice readers. This result is of great interest and agrees with the results of the study of [@bibr70-2041669517718557], who suggested the possibility of phonological processing deficits in developmental dyslexic children who learn to read in Spanish, which is a transparent language like Italian. In this regard, [@bibr70-2041669517718557] found that children with dyslexia presented problems related to task performance time, and hypothesized that these difficulties might indicate an automatization-processing deficit. Although teachers rarely consider time in the assessment of reading skills, results of the present study confirm that the speed of decoding might be one of the main measures of reading difficulties in transparent languages ([@bibr70-2041669517718557]).

The results also showed that "selective attention" was the better predictor of "comprehension" skill. The capacity to resist the distraction of interfering stimuli was related to the ability to understand the meaning of text. The speed of shifting the attentional focus ("alternating attention") also predicted "reading comprehension." Probably, children who were able to shift focus rapidly scanned the different parts of the written text and elaborated the meaning of the written text easily.

"Auditory focused attention," "distributed attention," "selective attention," "verbal alternating attention," and the speed of focusing visual and visual-spatial stimuli influenced "reading accuracy," which concerns the ability to decode text without mistakes. Although it is known that visual and visual-spatial attention are engaged at many levels of the process of recognizing printed word (e.g., [@bibr43-2041669517718557]), literature in this field does not offer a clear and uncontroversial picture. In contrast to the studies that used the Stroop task, which highlighted the role of fully automatic processing on reading, several researchers found that the engagement of attention is a requirement to process visually presented words. In this regard, it is important to highlight that Stroop task may not be the best way to assess selective attention in children who are struggling to read words. It could be their poor reading ability rather than interference that slows them down.

Results of the present study showed that the ability to avoid interfering stimuli and the speed of focusing visual and visual-spatial stimuli contributed to reading accuracy, even in novice readers where reading is not an automated process. Moreover, the accuracy at which the "visual-spatial alternating attention" operated and the ability to rapidly avoid interfering stimuli influenced reading speed.

The analyses by good and poor readers showed that the good readers presented higher "auditory focused attention" scores than the poor readers. The role of auditory focused attention on reading skills was not surprising. It is well known that phonological skills influence learning to read (e.g., [@bibr45-2041669517718557]; [@bibr84-2041669517718557]). Of interest, in the novice readers, the ability to correctly focus visual-spatial stimuli plays a higher role on reading performance than the ability to focus verbal stimuli. With respect to the reading acquisition, the capacity to discriminate the orientation of a stimulus and direct attention to specific stimuli is more important than the ability to recognize the letters. Often, kindergarten children can name the letters, but only the children who were able to focus the characteristics that differentiate the letters, such as the orientation to right, left, top, or down of the lines that compose them, are good readers.

Conclusion {#sec14-2041669517718557}
==========

In conclusion, results showed that "selective attention," which permits the avoidance of distraction, inhibiting the interference of environmental stimuli, predicted all the dimensions of reading skills. The others components of attention are diversely involved in reading and contribute significantly to reading acquisition.

Although this study has several limitations, because longitudinal data are not available, these findings may have educational and practical relevance. This study revealed the role of the different components of attention on reading acquisition; other recent findings showed that disruption of attentional mechanisms plays a causal role in reading disability (e.g., [@bibr42-2041669517718557]; [@bibr74-2041669517718557]). For this reason, the early assessment of attention might contribute to reducing reading difficulties when children begin primary school. The investigation of the role of the main components of attention on reading skill might favor the development of new strategies of intervention in dyslexic children and in children at risk of developing learning difficulties. Attention can be measured easily in school. Its measurement could allow us to identify those children who could benefit from attention training, with the aim to facilitate reading acquisition. Increasing attention skills could produce positive effects on the acquisition of the basic scholastic skills, such as reading, reducing the risk of developing learning difficulties.
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In the new norms of the "Speed and Accuracy" test of the reading battery, the authors excluded the outliers. The authors also noted that in many samples some children present reading scores particularly low ([@bibr22-2041669517718557]). In this research, the outliers were not excluded because they represented a genuine value of the population. For this reason, and for the characteristics of the Italian scholastic system, in which preschool is not compulsory and children who begin school present different levels of school readiness, in this sample, numerous children were classified as poor children and obtained reading scores lower than that correspondent to the 15th percentile.
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[^1]: *Note.* 1. Comprehension; 2. Reading accuracy---error rate; 3. Reading accuracy---RTs; 4. Reading speed; 5. Auditory focused attention---correct; Auditory focused attention---RTs; 7. Visual focused attention---correct; 8. Visual focused attention---RTs; 9. Spatial focused attention---correct; 10. Spatial focused attention---RTs; 11. Distributed attention---correct; 12. Distributed attention---RTs; 13. Verbal alternating attention---correct; 14. Verbal alternating attention---RTs; 15. Spatial alternating attention---correct; 16. Spatial alternating attention---RTs; 17. Selective attention---correct; 18. Selective attention---RTs.

[^2]: Correlation is significant at the .05 level. \*\*Correlation is significant at the .001 level.

[^3]: *Note.* RT = Reading accuracy

[^4]: *p \< *.05. \*\**p *\< .001.

[^5]: *Note. p *\< .05.
